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operation  on  shared  variables  (the  generalized  test-and- 


in  which  every  process  continues  to  execute,  but  some 
process  does  not  make  progress.  Using  a  more  powerful 


vili 


there  are  problems  which  do  not  involve  input  and  output 


within  a  finite  number  of  steps.  Knuth  (Knu66J  observes  a  ring,  communicate  by  sending  messages 


time),  a  condition  which  requires  that  two  non-adjacent 


philosophers  be  always  "allowed  to 


C L ip7 3 ] ,  Burns,  et  al.  [BFJLP783  ,  Lynch  and  Fischer  1LF79] 


1 


<4.  ii  Tin  ii<Hr  ijrnln 


occurs  in  an  asynchronous  system,  a  non-deterministic 


remainder  region  will  always  leave  the  remainder  region  and 


or  critical  region  on  its 


A  infinite  schedule  h  exhibits  deadlock  from  an  id  q 


•utual  exclusion  problea,  as  shown  below.  another  at  r(q,h)  because  either  they  all  do  reads 


which  the  states  of  all  the  processes  are  isomorphic  to 


eventually  detect  that  no  Pill  -  up  for  i  e  t.-ll,  P.  critical  in  the  id  sequence  qhqb+r . contradicting 


entering  Dj  (either  at  statement  5  or  6)  ,  Pj  cannot  go  co»pCr  (q,^)  ,hj) ,  then  Pi  is  hidden  in  compfq/hjhj) 


That  is.  Pi  is  hidden  in  a  computation  if  every  change  that 


reachable  id  q*  which  looks  like 


deadlock-free,  some  other  process  Pj#Pi  of  S  can  go  proof :  The  proof  is  by  induction  on  K,  the  number  of 

critical  from  q“  by  schedule  h*  not  containing  i.  But  then  variables  nullified. 


variables  are  nullified  in  comp(q,h) 


Pk  is  ready  to  change  some  variable,  w.,  which  is  not  in  processes  execute  from  q*  ,  we  change  any  subset  of  the 


another  reachable  id,  q* ,  which  nullifies  N  distinct 


variable  between  iterations,  the  implied  loop  is  included 


Some  liberties  are  taken  with 


l 


exists).  The  controller  has  the  responsibility  to  shepherd 

,  ,  High  Level  Flowchart  of  Program 

the  other  processes  through  the  trying  region.  The  last 

figure  4-3 


of  the  current  controller  is  to  select  the  next 


at  least  j.+j-  times.  Since  at  most  N-l  process  can  move  MAINAREA  and  becomes  a  leaving  process  which  sends  the 


Each  controller  in  turn  receives 


So  far,  processes  have  only  entered  from  TO  when  v  prevents  processes  from  moving  through  their  critical 


while  a  message  is  being  held  (holding  the 


vention  that  local  steps  are  combined  with  the  preceding  main-(q),  and  idlers  (q)  be  the  value  of  Pi's  local 


variables  buff,  main  and  idlers,  respectively,  at  q.  Also  the  length  of  schedules. 


also  holds  at  q'.  The  lemma  then  follows  by  induction  on 


idlersi(q)  »  0.  q.  But  no  transition  from  any  of  these  locations  can 

These  facts  hold  by  the  flow  of  the  program  decrease  the  value  of  buff+main+idlers.  Thus,  the  only 

and  the  exit  conditions  of  the  loops  at  E6,  E8,  T1  and  E0-  transition  which  could  show  that  assertion  a  is  false  would 


lOXJtaxd  in  transition  q  ->q'  if  and  only  if  there  a  process  looping  at  T1  will  set  V  to  STOP  (the 


possibilities  lead  to  contradiction  so,  the  supposition  Proof :  Le*-  S'  be  identical  to  S  except  that  all 


in  an  earlier  parenthetical  comment*)  Clearly  S' 


in  Program  A  is  changed  from  LN/2J  to  N-l ,  then 


discussed  informally  in  order  to  motivate  the  formal 


definitions  of  the  next  section.  sary)  until  at  least  one  resource  is  free,  and  then  goes  to 


(such  as  Programs  A  and  B  in  Chapter  IV)  to  select  proces-  sarily.  Indeed,  if  the  person  at  the  head  of  the  queue 


.r+ 


here  vere  developed  independently  by  myself ,  although  they 


is  infinite  and  m-admissible  from 


changes  regions  in  z.  S  satisfies  b-bounded  waiting  for  enabling  provided 


Clearly,  S*  has  null  exit  regions. 


Let  W(q)  be  the  value  of  shared  variable  W  at  id  q  of  S'.  waiting,  and  IVI  -  N+5.  S  also  has  the  property  of  nutual 


corresponding  the  Theorem  4.5  in  Chapter  IV.  S  satisfies 


waits  for  Pn  and  b-bounded  waiting  is  violated 
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Pi  to  their  critical  regions.  None  of  PI 


Theorem  5.3  includes  the  condition  of 


passed  along  from  process  to  process  will  visit  every 
process.)  Mutual  exclusion  is  provided  in  the  systen  by 


its  own  identifier  around  the  ring.  It  also  records  the  Hirschberg  and  Sinclair  [HS79]  give  an  algorithm 


analyzing  either  of  these  algorithms.)  Both  of  these  Sinclair's  algorithm  which  sends  no  more  than  «N  +  6N  log 

algorithms  send  messages  in  only  one  direction.  messages  (for  N  processes)  is  given  next.  The  final 


described  by  the  next  definition. 


Solution  to  t»ie  General  Election  Problem 


Notice  that  the  solution  is  designed  specifically  to  argued  that  R  solves  the  election  problem. 


R  -  (Alt •••rAN)  be  any  N-ring  chosen  from  P,  and  let  pri (q) #  which  is  impossible.  Therefore,  there  are  at  leas 

Pfii=lf  where  Ai  =  process_I  for  i  €  IN],  It  hao  been  21-^  processes  between  every  pair  of  processes  in  sd). 


Let  L  be  a  set  of  rings  chosen  from  a  set  of  two-way  for  i*l  with  L.  -  (  (p',p“) 


in  comp(q  , s)  must  be  the  center  process  of  Ra 


during  co»p(q  ,ha).  By  the  argument  given 


of  generality,  that  p.  e  P 


computation.)  A  similar  schedule,  h,,  exists  toe 


-ring  Rx  of  P  and  a  joining  schedule  s  of  Rx 


variable  must  be  made  to  determine  the  result  of  the  sting 


time  difference  between  any  two  steps  of  the  same  process 
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